The aim of this study was to examine changes over 5 years in body mass index (BMI) and waist circumference (WC) of adolescents from Ho Chi Minh City by age, gender and household economic status. METHODS: Anthropometry including height, weight and WC measurements of 759 secondary high school students were collected 1-year apart in a prospective cohort study, between 2004 and 2009. BMI was calculated and overweight/obesity was defined using International Obesity Task Force (IOTF) BMI cutoffs. Abdominal 'overweight' and 'obesity' were defined as WC 491st-97th and X98th centile, respectively. BMI z-scores were also created. RESULTS: Over the 5-year period, the absolute changes in mean BMI and WC were statistically significant (Po0.001). Boys had higher BMI and WC values than girls (Po0.001). The prevalence of overweight and obesity defined by IOTF BMI cutoff values increased gradually from 12.5% and 1.7% in the first year to 16.7% and 5.1% in the last year. Using WC cutoff values, the prevalence of abdominal overweight and obesity increased from 12.9% and 1.8% to 18.5% and 6.6%, respectively. BMI z-score curves shifted towards the right-hand side of the distribution (that is, towards overweight and obesity). CONCLUSION: Overweight and obesity, as measured by BMI or WC, continued to increase among adolescents of Ho Chi Minh City over the 5-year period.
INTRODUCTION
The physical and social environments of Ho Chi Minh City have been changing quickly in response to rapid economic development over the past 15 years. The consequences of these changes are reflected in altered lifestyle behaviours of diet and physical activity. Diets of children in Ho Chi Minh City are becoming more energy dense and the level of physical activity is decreasing.
1,2 The prevalence of overweight and obesity of adolescents in urban areas of Ho Chi Minh City from 2002 to 2004 has increased from 5.0% and 0.8% in 2002 to 11.7% and 2.0% in 2004, respectively. In contrast, the percentage of underweight adolescents has decreased rapidly from 12.1% to 6.6%. 3 Although the prevalence of obesity as measured by body mass index (BMI) has increased dramatically, little is known about the trends in central obesity among adolescents in Ho Chi Minh City. Waist circumference (WC) is a simple, effective measure of central adiposity in children and adolescents, and therefore has been recommended to be used to identify young people at risk of morbidity associated with central adiposity. 4, 5 High WC in adults is considered to predict higher risk of obesity-related disorders and cardiovascular diseases, and it can help identify individuals at increased health risk. 4 WC is a better predictor of cardiovascular disease risk factors in children than BMI. 6 Thus, the increasing trend of WC observed in British girls, 7 New Zealand, 8 the United States, 9 Spain 10 and Australia 11 suggests that these populations will be at increased future risk for cardiovascular diseases.
Adolescence is a significant period of human growth and maturation; obesity at this time increases the risk of adult obesity. 6, 12 Changes in BMI and other adiposity measurements during adolescence need to be observed to provide evidence about the need for interventions to prevent childhood obesity and its consequences. The trends of overweight and obesity prevalence in adolescents of Ho Chi Minh City were assessed between 2002 and 2004; 3 however, little is known about the distribution and changes in adolescent BMI and WC over a longer period in this population. This paper examines whether overweight and obesity have continued to increase between 2004 and 2009 in a cohort of adolescents from urban Ho Chi Minh City, and the effects of age, gender and household economic status on the annual changes in the adiposity indicators.
MATERIALS AND METHODS
The data examined in this paper is from the Ho Chi Minh City Youth Cohort, 13 a longitudinal study from 2004 to 2009 that examined the magnitude and change in overweight and obesity and the changes in diets, physical activity and sedentary behaviours of adolescents in Ho Chi Minh City, Vietnam. A representative sample of 759 adolescents from 18 schools in urban districts Ho Chi Minh City was selected using systematic sampling. The cohort study began from a multistage cluster cross-sectional survey in 2004.
14 From 140 schools, 31 clusters (schools) were randomly selected with 17 clusters (schools) selected from the list of schools in wealthy urban districts and 14 clusters (schools) from less wealthy urban districts, using probability proportionate to size sampling within each strata. For the cohort study, systematic random sampling was used to select 18 schools from these 31 schools, of which 11 were from wealthy districts and 7 were from less wealthy districts. The subsample of students required for the cohort study was selected from one class from grades 6 and 7 combined in each school. The sampling methods have been described elsewhere. 13 Children were followed up over 5 years until the end of senior high school with an assessment in each year, including anthropometry, dietary intake and dietary behaviours, physical activity and sedentary behaviours, family social and physical environment, school environment, socioeconomic status and parental characteristics. While the participants were in junior high schools, data were collected by class surveys, but individual follow-up contact was used when the study participants moved to senior high school. Of these 759 students, 585 students remained in the cohort in the last follow-up, resulting in a retention rate of 77%.
The cohort study was approved by the Research Ethics Committee, Pham Ngoc Thach University of Medicine, Ho Chi Minh City and the Human Research Ethics Committee, University of Newcastle, Australia. The consent of both the adolescents and their parents was required for participation in the study.
Measurement
Data collection included anthropometry, family, parent and child characteristics. The anthropometric measurements were taken annually at school initially and later at home. Standing height was measured using a portable direct-reading stadiometer to nearest 0.5 cm using the standard stretch stature method. 15 Body weight was measured with shoes and heavy clothes removed using a digital scale to the nearest 0.1 kg. WC was measured with a non-elastic tape at the level of the narrowest point between the lower costal border and the iliac crest. If there was no obvious narrowing, the measurement was taken at the midpoint between the two landmarks. 16 The adolescent's pubertal status was self-assessed using a questionnaire with photographs illustrating five stages 17 of pubertal development for pubic hair, male genitalia or female breasts, and for female students the date of their first menstruation was also recorded. The adolescents completed all self-administered questionnaires at school or at home.
To assess economic status, ownership of an inventory of assets was used to construct a household wealth index using the principal components method to assign a weight for each asset. This is a wellestablished method for determining the economic status of households in developing countries and has been validated and widely used. The method was first reported in a study from India, 18 and then has been recommended by health economists from the World Bank as suitable for use in health surveys. 19 A total of 14 assets were assessed, including bicycles, motorbikes, televisions, radios, videos, cassette players, computers, gas stoves, CD players, cars, microwave ovens, refrigerator and telephone and air-conditioners. The basis for selecting the assets was from a report of the Bureau of Statistics of Ho Chi Minh City listing the most common assets used among Ho Chi Minh City population. 20 This method was also applied recently in the analyses of health and nutrition in Vietnam. 14, 21, 22 
Data analysis
The results are expressed as means and standard deviations (s.d.) or median and interquartile when the data are not normally distributed. The baseline characteristics were compared by gender and any differences were tested using Students t-test and w 2 tests. The IOTF (International Obesity Task Force) BMI cutoff values were used to define overweight and obesity (total adiposity). 23 The annual cumulative incidence of overweight and obesity was calculated as the number of new cases during each year divided by the number of adolescents at risk in the population at the beginning of the study. The new cases were adolescents meeting the BMI or WC criteria for overweight or obesity in an annual assessment but who were not overweight or obese in the preceding annual assessment. The atrisk population were the adolescents who were not overweight or obese (depending on the incidence measure being calculated) in the preceding annual assessment. The calculations were restricted to those participants who were measured in sequential annual surveys. The incidence of overweight and obesity was calculated for each year starting from the second year (year 2005). These calculations allowed changes in incidence to be observed over the duration of the study.
In the absence of a recognized definition of increased central adiposity in youth, we used the gender-and age-specific 91st and 98th centile values of WC to define abdominal overweight and obesity, respectively, as has been carried out in previous studies. 7, 11, 24 Distribution curves for the survey populations were constructed by plotting the frequency of BMI z-scores in 0.5 z-score intervals, in which BMI-for-age z-scores were calculated using the US CDC 2000 growth reference with 'zanthro' command in STATA.
Paired t-tests, or repeated ANOVA, or whenever appropriate, the nonparametric Wilcoxon's signed-rank test or Friedman's test were used to test differences in the mean or median of BMI or WC between year 2004 and 2009. BMI (instead of BMI z-score) was used to describe the changes as it is the recommended method for research on longitudinal changes to BMI 25, 26 and has been applied in a study investigating associations between dietary behaviours and weight gain over time. 27 McNemar w 2 test was used when data were paired (prevalence of overweight and obesity at the two different time periods). When one or more expected cell counts were o5, Fisher's exact test was applied. Table 1 . Baseline characteristics of the study participants by gender 
RESULTS

Baseline characteristics of participants and follow-up
A total of 759 adolescents (364 boys, 395 girls) were recruited into the study. There was a high retention of study participants in the cohort study, for example, in the second round of follow-up, 740 adolescents remained in the cohort (94% of baseline), and even in the last round of follow-up in 2009, there remained 585 students in the cohort, giving an overall retention rate of 77% of those recruited. Baseline characteristics of study participants are presented in Table 1 . The distribution of age between boys and girls was not significantly different and gender was balanced in each 1-year age interval. BMI and WC at baseline were higher in boys than in girls. The distribution of pubertal status defined by selfassessment also revealed, as expected, that girls were more mature than boys, but the distribution of household socioeconomic status showed no differences between the two groups (data not shown).
As seen in Table 2 , the prevalence of overweight and obesity defined by IOTF BMI cutoff values increased gradually from 12.5% and 1.7% in the first year to 16.7% and 5.1%, respectively, in the last year. In each year, the percentage of overweight and obese male subjects was always higher than for female subjects (Po0.001). In male subjects, the prevalence of overweight increased from 16.9% in year 2004 to 21.4% in year 2009, whereas the prevalence of obesity increased from 2.3% to 7.1%. In female subjects, a similar trend was found but the increases were not as marked as in male subjects (Table 2 ). An examination of the BMI status of the 23% of the recruited participants, who withdrew from the study or were lost to follow-up, revealed no significant differences in their BMI status (12.3% overweight, 1.5% obese, mean BMI 18.9 kg/m 2 at baseline) from those who were retained in the study (12.5% overweight, 1.7% obese, mean BMI 19.1 kg/m 2 at baseline). Similarly for each annual round of data collection, the BMI status at the start of the round of the participants who dropped out was the same as for those retained in the study for that round. For example, in 2008-2009, among the 32 participants who dropped out, 16.7% were overweight and 5.0% were obese compared with 16.7% overweight and 5.1% obese among the 585 participants retained in the study. As also seen in Table 2 , the prevalence of abdominal overweight and obesity defined by raw WC cutoff values also increased year to year and the increases were greater than for the changes in prevalence based on raw BMI cutoff values. Using raw WC cutoff values, the prevalence of abdominal overweight and obesity increased from 12.9% and 1.8% in the first year to 18.5% and 6.6%, respectively, in the last year. In boys, raw WC cutoffs identified a greater number of adolescents as overweight and obese compared with raw BMI cutoffs in all 5 years, but in girls the number of overweight and obese adolescents identified by raw WC cutoffs was not significantly greater than that defined by raw BMI cutoffs. Similar to BMI, an examination of the WC status of the 23% of the recruited participants, who withdrew from the study or were lost to follow-up, revealed no significant differences in their WC status (12.3% abdominal overweight, 1.5% abdominal obese, mean WC ¼ 63.5 cm at baseline) from those who were retained in the study (12.9% abdominal overweight, 1.8% abdominal obese, mean 62.0 cm at baseline).
The incidence of becoming overweight increased from 6.8% (95% confidence interval (CI): 4.9, 8.6) in the second year to 9.0% (95% CI: 6.7; 11.4) in the last year, and the incidence of becoming obese also increased from 1.8% (95% CI: 0.8; 2.8) in the second year to 2.8% (95% CI: 1.5; 4.2) in the last year. The incidence of overweight and obesity increased significantly in boys but showed little change in girls (Table 3) .
Between 2004 and 2009, the absolute increases in raw BMI were significant in both genders (20.1-23.5 kg/m 2 for male subjects and 18.1-20.6 kg/m 2 for female subjects), and parallel changes were observed for raw WC (66.0-78.9 cm for male subjects and 61.2-71.5 cm for female subjects). Boys had higher raw BMI and WC values than girls (Po0.001). Increases in mean raw BMI and WC can be seen every year; however, increases in boys were greater than those in girls ( Table 4) .
The Although the prevalence of adolescent overweight and obesity in Ho Chi Minh City is not as high as that of other countries, the rate of increase is faster than that reported in developed countries. 8, [28] [29] [30] For example, similar analyses reported only an average 7% annual relative increase in obesity (defined by IOTF's BMI cutoffs) among New Zealand adolescents between 1997/1998 and 2005, 8 or approximately 1% in Switzerland (from 1987 to 2001, differences across age and gender groups ranging from 7.4% to 12.3%), 28 while our study revealed an average annual relative increase of approximately 40%. Our findings are in line with the results from a 5-year follow-up study in urban Indonesian children (6-8 years old), where the relative rate of increase of the prevalence of overweight and obesity was nearly the same as seen in Ho Chi Minh City (the prevalence of overweight and obesity rose from 4.2% to 8.8% and from 1.9% to 3.2%, respectively, yielding the average annual increase of 21.9% for overweight, and 13.7% for obesity). 31 Similar findings have been reported from a 5-year follow-up study in Thai school children, where the prevalence of overweight increased from 12.4% in 1992 to 21.0% in 1997 in male but not in female subjects. 32 Two recent studies of trends of overweight and obesity in Chinese children and adolescents also showed a rapid increase in the prevalence of overweight and obesity in children and adolescents. 33, 34 While there has been a plateau, or only a slight increase in the percentage of boys and girls classified as overweight or obese in developed countries, 35 there has been a sharp increase in developing countries in South East Asia including Vietnam. In these countries, even though undernutrition still persists, overweight and obesity are rapidly becoming prominent health problems in children and adolescents.
Using the 90th percentile values of WC for age and gender, our study showed the prevalence of abdominal overweight and obesity combined increased by 80.3% over 5 years between 2004 and 2009 (from 19.3% to 34.8%) for boys but only by 57.5% (from 10.6% to 16.7%) for girls. In contrast, in the United States, the increase in the prevalence of abdominal obesity was similar for girls and boys, and increased by 65.4% (from 10.5% to 17.4%) for boys and by 69.4% (from 10.5% to 17.8%) for girls between 1988 and 1994 and 1999 and 2004. 9 In the Ho Chi Minh City Youth Cohort, greater increases in the prevalence of overweight and obesity, using both BMI and WC indictors, were observed for boys compared with girls. A possible explanation for this gender pattern may be societal views that place an excessive value on girls being slim, especially for older teenage girls. 36, 37 There are no qualitative studies in Vietnam that have examined the underlying factors leading to the gender differences in overweight and obesity we have observed. A study on the effects of acculturation and body perception on weight status among Vietnamese American students has reported that girls tended to perceive themselves as being overweight, even when they were not. 38 Further research is needed, including qualitative studies, to understand the cultural determinants of this phenomenon in Ho Chi Minh City.
Our study found an annual mean increment in BMI of approximately 0.68 kg/m 2 for male subjects and 0.50 kg/m 2 for 39 Studies from Switzerland have reported that the most pronounced elevation in adolescent BMI over time was from the upper part of the BMI spectrum, and this was especially apparent for girls. 28, 40 The absolute BMI of urban Indonesian children in a 5-year follow-up study increased from 14.5 kg/m 2 (s.d. ± 1.7) in childhood to 17.5 kg/m 2 (s.d. ± 3.0) in adolescence, with a mean BMI increase of 3.0 kg/m 2 (95% CI: 2.7; 3.2), 31 which was similar to what we found in our study (2.9 kg/m 2 ). The absolute changes in WC in the Ho Chi Minh City Youth Cohort study were significant in all age groups and similar to that reported in a study of Spanish adolescents, 10 but the rate of change in the Ho Chi Minh City adolescents was much greater. For example, the rate of change of WC in boys was approximately 2.30 cm per year in the Ho Chi Minh City Youth Cohort compared with 0.70 cm per year for adolescents aged 13 to 14 years in the Spanish study, and 2.06 cm per year for girls in Ho Chi Minh City compared with 0.77 cm per year for adolescents aged 13 to 14 years in the Spanish study. The rate of change of WC in the Ho Chi Minh City Youth Cohort was also much higher than that in British adolescents (0.35 cm per year in boys and 0.62 cm per year in girls). 7 The strong association of abdominal obesity in adolescents with future risk of cardiovascular diseases and metabolic disorders 4, 41, 42 suggests that many of the adolescents in the Ho Chi Minh City Youth Cohort study will face a future with increased risks of these disorders.
In this study, we found an increase in BMI each year by gender, age, pubertal stage and household economic status, showing that within the same wave of data collection, raw values varied according to these factors. Using age-and gender-adjusted BMI (BMI z-score), the trends and patterns were nearly identical to those found with the raw values. This finding indicates that raw BMI values appropriately represent the changes in adiposity of adolescents. They have the added advantage of allowing our results to be compared with previously published data. Other investigators have noted that BMI z-scores are the most appropriate method for assessing adiposity in children from a single measurement, but they are not 'the best scale for measuring change in adiposity, as the within-child variability over time depends on the child's level of adiposity', 25 and have concluded that change in the raw BMI measurement is better than the change in the BMI z-score for the analysis of longitudinal studies. 26 Our findings confirm these earlier recommendations and indicate that raw BMI values can be appropriately modelled to describe longitudinal changes in BMI.
The increase of BMI and WC was related to household economic status with a greater increase in these adiposity indicators in children from wealthier households. This finding is similar to our earlier observations in cross-sectional analyses of data from Ho Chi Minh City of a strong relationship between higher household wealth and increased prevalence of overweight and obesity. 3, 14 The evidence of a relationship between household wealth and risk of childhood obesity was also found from cross-sectional studies or longitudinal assessments of change in adiposity indicators in other countries in the region that are undergoing a rapid nutrition transition. 32, 43 A key strength of this study is the longitudinal design that has allowed the trends in adolescent adiposity to be examined and helped with identifying the casual factors associated with excess weight gain in the population. The outcomes were assessed with objective anthropometric measurements of height, weight and WC that were used to construct the adiposity indicators. The low rate of loss of follow-up (23%) over the 5-year study period has helped to ensure the internal validity of the study. Further, the BMI and WC status of the adolescents, who were lost to follow-up, did not differ from those retained in the study. The cohort was recruited from a representative sample of adolescents enroled in junior high schools in the Ho Chi Minh City, thus providing strong external validity for the adolescent population of the city and possibly for other adolescent populations in large cities in Vietnam.
A limitation of this study is the use of BMI and WC cutoffs to define overweight and obesity that may not adequately reflect increased health risks. The IOTF BMI cutoffs are a projection of the adult BMI cutoff value of 25 kg/m 2 for overweight and 30 kg/m 2 for obesity, but the utility of these cutoffs in adults to define increase health risks in Asian adults has been questioned. 44 In Vietnamese adults, the BMI and WC cutoffs to define increased cardiovascular and metabolic disease risks have been identified, 45 which are lower (BMI 24 kg/m 2 for overweight and 25 kg/m 2 for obesity) than the standard international cutoffs. This suggests that potentially this study has underestimated the magnitude of the emerging problem of childhood obesity in Ho Chi Minh City. Further research is needed to assess the long-term health implications of the excess weight gain we have observed in adolescents and to determine if different cutoffs for adiposity indicators are needed. This might be possible with a future followup of the adolescents who participated in the Ho Chi Minh City Youth Cohort. Another limitation is the self-assessment of pubertal status that can lead to bias. However, although the selfassessment may have limitations as a method to assess pubertal status, many validation studies have established that it can be used to estimate pubertal development when a physician examination would be precluded because of the context of the study. 46, 47 Validation of this method has also been reported for Chinese adolescents, 48 who are from a similar culture to the Vietnamese adolescents in our study.
In this study, WC identified a greater number of young people as overweight or obese (from 12.9% and 1.8% in the first year to 18.5% and 6.6% in the last year) compared with BMI (from 12.5% and 1.7% in the first year to 16.7% and 5.1% in the last year), raising a concern of disease risks related to abdominal obesity. The previous rise in BMI levels reported 3 has continued and has led to an increase in the percentage of overweight and obese adolescents in Ho Chi Minh City.
CONCLUSION
The prevalence of obesity is increasing rapidly in adolescents in Ho Chi Minh City along with corresponding increases in WC, suggesting that this population of adolescents (aged 11-16 years old) is at increased future risk of non-communicable diseases. There is an urgent need to develop and test interventions to prevent overweight and obesity in adolescents and to limit a future epidemic of non-communicable diseases in adults in the years ahead. 
